Understanding galaxy formation and evolution requires studying the interplay between the growth of galaxies and the growth of their black holes across cosmic time. Here we explore a sample of Hα-selected star-forming galaxies from the HiZELS survey and use the wealth of multi-wavelength data in the COSMOS field (X-rays, far-infrared and radio) to study the relative growth rates between typical galaxies and their central supermassive black holes, from z = 2.23 to z = 0. Typical star-forming galaxies at z ∼ 1 − 2 have black hole accretion rates (Ṁ BH ) of 0.001-0.01M yr −1 and star formation rates (SFRs) of ∼10-40 M yr −1 , and thus grow their stellar mass much quicker than their black hole mass (3.3±0.2 orders of magnitude faster). However, ∼ 3% of the sample (the sources detected directly in the X-rays) show a significantly quicker growth of the black hole mass (up to 1.5 orders of magnitude quicker growth than the typical sources).Ṁ BH falls from z = 2.23 to z = 0, with the decline resembling that of star formation rate density or the typical SFR (SFR * ). We find that the average black hole to galaxy growth (Ṁ BH /SFR) is approximately constant for star-forming galaxies in the last 11 Gyrs. The relatively constantṀ BH /SFR suggests that these two quantities evolve equivalently through cosmic time and with practically no delay between the two.
INTRODUCTION
Understanding how galaxies form and evolve is a very challenging task, as there are a range of complex processes and quantities that need to be taken into account and that usually cannot be studied in isolation, such as gas abundances, dust, supernovae, radiative winds and relativistic jets (e.g. Genel et al. 2014; Schaye et al. 2015) . Both the star formation history (SFH; e.g. Lilly et al. 1996; Karim et al. 2011; Sobral et al. 2013 ) and the black hole accretion history (BHAH; Brandt & Alexander 2015) are strongly influenced by the feedback effects of both star formation (SF) and black hole (BH) accretion, as they affect the ability of the host galaxy to convert molecular gas into stars. For example, an active galactic nucleus (AGN) is the result of the accretion of matter into the served along the line of sight and there are no direct constraints on the distribution of the outflowing gas, which makes it difficult to get a clear picture of how they affect the galaxy (e.g. Tremonti et al. 2007; Dunn et al. 2010; Harrison et al. 2012) .
Relativistic jets are known to influence gas on a galactic scale, even reaching outside of the dark matter haloes of galaxies and, in addition, interact strongly with virialised hot atmospheres (e.g. Best et al. 2005; Nesvadba et al. 2006 Nesvadba et al. , 2007 Nesvadba et al. , 2008 McNamara et al. 2009 McNamara et al. , 2011 . The accretion of matter into the central black hole leads to the emission of radiation from both the accretion disk and the relativistic jets and thus, in conjunction with star formation processes and gas dynamics, AGN are thought to be responsible for regulating the evolution of galaxies -but it may well be that AGN feedback mostly works as a maintenance mode (e.g. Best et al. 2005 Best et al. , 2006 rather than be responsible for the actual quenching process.
Stellar feedback also plays a major role in regulating star formation. This can happen through extreme events like strong stellar winds or shock waves of supernovae explosions . Typical outflows from star formation involve only small fractions of the molecular gas in Milky Way type galaxies (but are much more important for very low mass galaxies) and thus stellar feedback is generaly considered to be insufficient for the regulation without the contribution of an AGN.
In order to understand how galaxies evolve, it is particularly important to understand how key properties such as the star formation rate (SFR) and the black hole accretion rate (ṀBH) in active galactic nuclei (AGN) evolve as a function of cosmic time. This can be done by examining the star formation and black hole accretion histories of galaxies. The latest surveys show that star formation activity peaks at z ∼ 2 (e.g. Sobral et al. 2013; Madau & Dickinson 2014) and then declines until today. As for the black hole accretion rates, the peak may happen at slightly lower redshifts than the peak of star formation, but the black hole activity may also decline more rapidly from z ∼ 1 to 0 (e.g. Aird et al. 2010) . However, studies taking into account the bolometric luminosity functions of AGN (e.g. Delvecchio et al. 2014) show that black hole accretion tracks the evolution of SF more closely, peaking at z ∼ 2.
Most studies on the evolution of SF and BH accretion tend to focus on AGN selected samples. Stanley et al. (2015) , for example, found that while there is a strong evolution of the average SFR with redshift, the relation between SFR and AGN luminosity seems relatively flat for all redshifts. The authors interpreted this as being due to the effect of short time-scale variations in the mass accretion rates, which might erase any relation that might exist between the SFR and AGN luminosity. Nevertheless, there are also studies with star-forming selected samples: Delvecchio et al. (2015) analysed the relation of AGN accretion and SFR for star-forming galaxies up to z ∼ 2.5 and found that the ratio between theṀBH and the SFR evolves slightly with redshift, and has a lower value compared to what one would need to obtain the local MBH-M Bulge relation. Lehmer et al. (2013) also investigated theṀBH/SFR ratio using galaxy samples from both the field and a high-density structure (super-cluster of QSO from the 2QZ survey) at z ∼ 2.23. Lehmer et al. (2013) found that Hα emitting galaxies in this structure have a relatively high fraction of AGN activity, leading to averageṀBH/SFR which are closer to what is typically measured for AGN. For more typical "field" Hα emitters, theṀBH/SFR was found to be typically an order of magnitude lower than for AGN and for Hα emitters in the higher density region at z ∼ 2. These results suggest that SF galaxies are generally situated below the local relation (at least at redshifts of z ∼ 2) and that the activity of the AGN causes the ratio to rise high enough so that the galaxies approach a growth mode that could easily result in the observed local relation. However, much is still unknown, for typical, star-formation selected samples, regarding the relative growth of the black hole and the host galaxies, and particularly how such relative growth may vary with time, from the peak of the star formation history, at z ∼ 2.5 to z ∼ 0.
In this paper we explore a sample of "typical" star-forming galaxies from HiZELS in the COSMOS field, selected in four different redshift slices in a self-consistent, homogenous way. We explore the wealth and variety of exquisite data in the COSMOS field to study the relative growth between the central black holes and their host galaxies, and how that varies across cosmic time. This paper is organised as follows: Section 2 presents the data and sample. Section 3 provides an overview of our selection of potential AGNs. Section 4 presents our stacking analysis in different bands. Section 5 presents the results: the relative supermassive black hole/galaxy growth and in section 6 we present the conclusions. In this paper, we use a Chabrier IMF (Chabrier 2003 ) and the following cosmology: H0=70 km s −1 Mpc −1 , ΩM =0.3 and ΩΛ=0.7.
2 DATA AND SAMPLE 2.1 Data: X-rays, radio & FIR
X-rays: C-COSMOS
The Chandra Cosmos Survey (C-COSMOS; Elvis et al. 2009; Puccetti et al. 2009 ) imaged the COSMOS field (Scoville et al. 2007) with an effective exposure time of ∼180 ks and a resolution of 0.5 . The limiting source detection depths are 1.9 × 10 −16 erg s
in the soft band (0.5-2 keV), 7.3×10 −16 erg s −1 cm −2 in the hard band (2-10 keV), and 5.7 × 10 −16 erg s −1 cm −2 in the full band (0.5-10 keV). The data allows us to track X-ray emission from processes like Bremsstrahlung and inverse Compton scattering, and thus to identify which sources are AGN based on their X-ray emission. C-COSMOS only covers the relatively central area of COS-MOS (0.9 deg 2 ), and thus we restrict our analysis to that region.
Radio: VLA-COSMOS
The VLA-COSMOS Survey (Schinnerer et al. 2004 (Schinnerer et al. , 2007 Bondi et al. 2008 ) used the National Radio Astronomy Observatory's Very Large Array (VLA) to conduct deep (σ1.4 ∼ 10 µJy/beam), widefield imaging with ≈ 1.5 resolution at 1.4 GHz continuum of the 2 square-degree COSMOS field. With this band, we track the radio emission of AGN via synchrotron radiation from SMBH relativistic jets and estimate SFRs from the synchrotron radiation due to supernovae explosions (Schmitt et al. 2006 ).
Far-infrared: Herschel
COSMOS was imaged with the Herschel telescope as part of the Herschel Multi-tiered Extragalactic Survey, HerMES (Oliver et al. 2012) . HerMES is a legacy program that mapped 380 deg 2 of the sky -Herschel-SPIRE (250 µm, 350 µm and 500 µm, with a PSF FWHM of 18.1 , 24.9 and 36.6 , respectively; Griffin et al. 2010) . We aditionally make use of the Herschel PACS Evolutionary Probe program (PEP: 100 µm and 160 µm, with PSFs of 7.2 and 12 ; Lutz et al. 2011 ) and the observations of the Submillimiter Common-User Bolometer Array 2 (SCUBA2) on the James Clerk Maxwell Telescope, at 850µm, for the COSMOS Legacy Survey (Geach et al. , 2016 . These bands cover the peak of the redshifted thermal spectral energy distribution from interstellar dust for galaxies in the redshift range (z ∼ 0.4 − 2.2) for the entire COSMOS field. The bands therefore capture optical and UV radiation that has been absorbed and re-emitted by dust.
2.2 The sample of Hα emitters at z = 0.4 − 2.23
The High Redshift Emission Line Survey (HiZELS; Geach et al. 2008; Best et al. 2013; Sobral et al. 2009a Sobral et al. ,b, 2012 Sobral et al. , 2013 has surveyed some of the best-studied extragalactic fields for Hα emitters at various narrow redshift ranges, from z = 0.4 to z = 2.23 (see Sobral et al. 2013) . HiZELS used a set of narrow-band filters in the near-infrared J, H and K bands and the Wide Field CAMera (WFCAM, Casali et al. 2007 ) on the United Kingdom Infrared Telescope (UKIRT), coupled with a filter in the z band (NB921; Sobral et al. 2012 Sobral et al. , 2013 ) mounted on Suprime-cam on the Subaru telescope, to cover roughly 5 deg 2 of extragalactic sky. While it is true that using only Hα as a tracer for star formation may cause us to miss obscured star formation, the use of bluer bands for the detection of star-forming galaxies (UV or bluer emission lines) would result in missing a much more significant part of the population. In addition, Oteo et al. (2015) showed that an Hα selection is able to recover ∼100% of star-forming galaxies (including the most dusty ones), and Herschel is then ideal to recover the full SFRs of such highly obscured galaxies (e.g. Ibar et al. 2013) . Although HiZELS covers various fields, in this work we focus only on the COSMOS field due to the availability of deep data from the Chandra Observatory, on which we rely in order to measure the X-ray luminosities in our samples. HiZELS obtained large samples of Hα selected galaxies at redshifts z = 0.4, z = 0.84, z = 1.47 and z = 2.23 in the COSMOS and UDS fields (Sobral et al. 2013 ). The Hα emitters were selected using a combination of broad-band colours (colour-colour selections) and photometric redshifts. Spectroscopically confirmed sources are included in the sample and the sources confirmed to be other emission line emitters are removed. We refer the interested reader to Sobral et al. (2013) for the detailed explanation of the process of selection for the Hα emitters. Furthermore, we note that while the HiZELS sample at z = 0.4 (obtained with the Subaru telescope) probes down to significantly lower Hα luminosities and stellar masses (see Sobral et al. 2014 ) than those at higher redshift, it also covers a significantly smaller volume, and thus misses massive, bright sources (see Figure 1) . In an attempt to make the z = 0.4 sample more comparable to those at higher redshift, we apply a mass cut of M > 10 9 M . As we will rely on Chandra data for deep X-ray data ( §2.1.1), we also need to restrict our analysis to the area in COSMOS with deep Chandra coverage. Thus, our final sample is composed of 35, 224, 137 and 276 Hα emitters at z = 0.40, z = 0.84, z = 1.47 and z = 2.23. These are the sources restricted by Chandra coverage but include both the ones detected in the C-COSMOS survey and the ones without detectable X-ray emission. We present the distribution of Hα (observed luminosities) in Figure 1 .
AGN SELECTION
3.1 X-ray detections X-rays are one of the best ways to search for AGN. As matter falls into the black hole, it heats up, leading to the emission of radiation in the X-rays through inverse-Compton scattering of UV emission comming from the accretion disk. As the X-ray luminosity is expected to scale with the accretion rate, we can use X-ray luminosities to not only identify AGN, but also to obtain an estimate of the SMBH growth rates. We cross-correlate our sample of Hα emitters with the Chandra X-ray catalogue with a 1 matching radius, in order to find which of our sources are directly detected in the X-rays and thus likely AGN. We find one direct detection at z = 0.4 (2.9 ± 1.7% of the total sample at this redshift), seven at z = 0.84 (3.1±1.8%), four at z = 1.47 (2.9 ± 1.7%) and five at z = 2.23 (1.8 ± 1.3%) in the C-COSMOS catalogue. The results are presented in Table  1 . The directly detected sources possess X-ray luminosities of the order of 10 42 erg s −1 , which are typical of the luminosities expected from AGN in this band. Our results are consistent with a non-evolving fraction of X-ray AGN within Hα selected samples over the last 11 Gyrs of cosmic time (since z ∼ 2.2), although we have low number statistics. In Figure 1 we present the Hα luminosity distribution of the directly detected AGN, finding that they have preferentially higher than average Hα luminosities, raising the possibility that our sources might be contaminated in the Hα by AGN.
Radio detections
We cross correlated the VLA-COSMOS deep catalogue with our Hα emitters. Our match between the VLA-COSMOS and our sources resulted in: i) one source is detected at z = 0.4 (2.9 ± 1.7%), 11 radio sources for z = 0.84 (4.9 ± 2.2%), 7 sources for z = 1.47 (5.1 ± 2.3%) and 9 for z = 2.23 (3.3 ± 1.8%). We estimated the radio luminosities by using:
where dL is the luminosity distance (in cm), S1.4GHz is the flux density in mJy and α is the radio spectral index -assumed to be 0.8, the characteristic spectral index of synchrotron radiation. 0.8 is a good average value for SF-dominated galaxies (e.g. Thomson et al. 2014 ), although it is not clear if this value is the best choice if the sample contains a large quantity of AGN. Our SFselected sample should not have too many AGN (see Table 3 ) so α = 0.8 should be appropriate. Within our Hα emitters, the radio sources have radio luminosities of the order of ∼ 10 21 W Hz −1 at z = 0.40, ∼ 10 23 W Hz −1 for z = 0.84 − 2.23. It is possible for radio detect up emission from a population of supernova remnants as well. However the emission from these sources have lower luminosity than the AGN we are tracing and should not contaminate the measurements.
STACKING ANALYSIS:ṀBH AND SFR

Radio stacking: SFR
After rejecting all strong radio sources within our Hα selected samples, we can stack the remaining sources, and use radio luminosities as a dust-free star-formation indicator (although some contribution of lower luminosity AGN will still be present, thus likely biasing results towards high star formation rates). We follow the same stacking procedure as for our X-ray stacking (see section 4.3) and find high S/N detections of our mean radio stacks in every redshift (see Figure 2) . We find radio luminosities of 4. for z = 0.4, 0.84, 1.47 and 2.23 respectively. To convert the luminosities to SFR, we adopted the conversion determined by Yun et al. (2001) converted to a Chabrier IMF (e.g. Karim et al. 2011) :
The conversion is suitable for radio luminosities up to, and 
FIR stacking: SFRs
When estimating the SFR, it is important to make sure that there is no contamination to the luminosities by the activity of the AGN. FIR emission from the cold dust (rest frame 40-500µm RowanRobinson 1995; Schweitzer et al. 2006; Netzer et al. 2007) should have little to no such contamination. Cross-correlating our sample with the HerMES catalogue with a 1" matching radius resulted in 2 sources being directly detected for z = 0.4, 10 for z = 0.84, 5 for z = 1.47 and 7 galaxies directly detected for z = 2.23 (See also Ibar et al. 2013; Oteo et al. 2015) . As expected, most of the sample, made of much more "typical" star-forming galaxies, is below the depth of Herschel, or SCUBA-2, in COSMOS. However, by the means of stacking, one can reach much lower flux limits, and thus detect the mean star-forming galaxy at each redshift. In order to obtain the necessary SFRs we make use of the results achieved by Thomson et al. (2016) . The stacks were obtained through mean statistics accounting for background emission and confusion noise. Aperture corrections were applied for the PACS 100µm and 160µm bands, as specified in the PACS PEP release notes. In the SPIRE 250, 350 and 500µm, the fluxes were taken from the peak value in each stack. The IR luminosities were then estimated by fitting modified blackbody (grey-body) templates to the data points and integrating the best fit between 100 and 850µm (see A1). We refer the interested reader to Thomson et al. (2016) for the description of the complete procedure.
We use the total FIR luminosity to compute SFRs (Chabrier IMF) by using: This translates to a SFR ranging from 2 − 38 M yr −1 at z = 0.4 − 2.23 (see Table 2 ).
X-ray stacking
The vast majority of our Hα emitters (∼ 98%) are undetected in the X-rays for the current C-COSMOS flux limit. This is expected given that the Chandra sensitivity limit is > 10 −16 erg s −1 cm −2 . Thus, only relatively luminous AGN are expected to be X-ray detected, while our sample is strongly dominated by typical starforming galaxies. However, we can rely on stacking in order to study the overall population of typical Hα selected galaxies below the X-ray detection limit and recover much lower black hole accretion activity. In order to stack our samples of Hα emitters, per redshift, we use the full energy band of C-COSMOS (0.5-7 keV) and start by cutting-out a square of 10 × 10 centred on each source. We adopt a stacking radius of 2 (the area radius from which we extract the counts for the fluxes). These values were obtained by going through different values for the radius, selecting the ones that maximised the signal-to-noise (S/N) ratio (see Lehmer et al. 2007 for details) and taking the mean. When stacking, we use all sources (both detected and non-detected), allowing us to include the entire population. Chandra's PSF changes with the distance to the pointings, causing deformation of sources. However, the effect of the changing PSF is minimal when compared with the error bars and uncertainties inherent to the FIR analysis. As such we did not apply a correction to this effect and instead estimated the background contribution by taking the standard deviation of the pixel counts in a randomized number of areas of the same size of the stacking area, making sure these would fall outside the vicinity of the stacking radius, in order to counter the possible presence of sources distorted by the changes in Chandra's PSF.
To convert background subtracted counts into fluxes we divided them by the mean exposure time multiplied by the conversion factor (CR × 10 −11 erg cm −2 s −1 (counts s −1 ) −1 , where CR is the count rate) assuming a power law of photon index Γ = 1.4 and a Galactic absorption NH = 2.7 × 10 20 as in Elvis et al. (2009) . A photon index of 1.4 is appropriate for faint galaxies (see Alexander et al. 2003 ), as we expect star-forming galaxies to be. Finally, all images were background subtracted. The estimation of the luminosities was done following:
where dL is the luminosity distance, fX is the flux in the X-ray band, z is the redshift and Γ is the photon index, assumed to be 1.4. Figure 3 shows the results of the stacking for the four redshifts. There are clear detections for z = 0.84, z = 1.47 and z = 2.23. For z = 0.4 the S/N is much lower. This is not surprising, as i) this is the smallest sample and particularly because ii) the sources in the z = 0.4 (due to the much smaller volume probed, see §2.2) are typically much lower luminosity and have lower stellar masses than those at higher redshift.
Black hole accretion rate from X-ray luminosity
We use the X-ray luminosity to estimate the rate at which the supermassive black hole at the centre of galaxies is accreting matter:
whereṀBH is the accretion rate of the black hole, is the accretion efficiency, L
AGN bol
is the bolometric luminosity of the AGN, obtained by multiplying the X-ray luminosity by 22.4 (Lehmer et al. 2013; Vasudevan & Fabian 2007) , and c is the speed of light. We find that our typical star-forming galaxies have accretion rates that rise with increasing redshift, from ≈ 0.004 M yr −1 at z = 0.84 to ≈ 0.03 M yr −1 at z = 2.23. When extracting the accretion rates from the X-ray luminosities, we estimated the correction that would have to be taken into account from the contribution to the X-ray emission by SF. This correction was estimated following Lehmer et al. (2016) :
where A, B and C have the values 39.82 ± 0.05, 0.63 ± 0.04 and 1.31 ± 0.11 respectively. The correction turned out to be at most ∼0.05% of the total BH accretion, much less than the uncertainties in quantities like SFR and actual BHAR and, as such, we do not take it into account. It also seems to evolve with galactic stellar mass, growing as the mass grows and following LX = 1.44(SF R) − 0.45 with χ 2 = 1.8 when fitted to a linear relation throught the least-squares method. This evolution of the contribution to the X-rays from stars is not surprising, as the SFR also grows with stellar mass (see 5.2 and B1).
RESULTS
The cosmic evolution of black hole accretion rates
We find thatṀBH rises with increasing redshift as shown in Figure  4 . However, from z = 1.47 to z = 2.23, even though the accretion rate still rises, it does so less steeply. This is consistent with the Table 2 . Quantities estimated for the stacked sources. Fluxes and luminosities in the X-ray band and estimated black hole accretion rates from these quantities were estimated from C-COSMOS. SFR estimated from the FIR luminosities as determined by Thomson et al. (2016) and from radio data from VLA-COSMOS. We compare those with a scaled evolution of the star formation rate density, SFRD (Sobral et al. 2013) . The SFRD has been scaled to coincide with theṀ BH at z = 0.4. The results show that theṀ BH grows with redshift, starting to plateau at z ∼ 2.23 and that the SFRD evolves in a very similar way to the accretion rate of the BHs, starting to stabilise at around the same redshifts. The grey down arrow represents a non-detection for the z=0.4 stack.
results in the literature: Aird et al. (2010) finds the peak of AGN luminosity density to be at z = 1.2 ± 0.1. We compare this redshift evolution with the evolution of the star formation rate density, also shown in Figure 4 . We use the results from Sobral et al. (2013 Sobral et al. ( , 2014 and scale them arbitrarily to look for any potential differences and/or similarities between the evolution of SFRD andṀBH across cosmic time. Our scaling clearly reveals that star-forming galaxies form stars at a much higher rate than they grow their black holes (∼ 3.3 orders of magnitude faster), but the relative evolution seems to be the same across redshift. We explore this further in Section 5.3. We also show the accretion rates computed for each individual X-ray AGN, which reveal large scatter (likely due to the high variability of AGN), but that generally agree with the trend of the global population.
The dependence ofṀBH/SFR on stellar mass
Using the results from the FIR analysis we are able to estimate SFRs which should be independent of AGN activity. We use those to determine the ratio between the black hole accretion rate and SFR (ṀBH/SFR). Figure 5 shows howṀBH/SFR depends on stellar mass (stellar masses computed in Sobral et al. 2014) for the three different redshifts where we can easily split our samples. We find that a linear relation with a slope of −0.45 provides the best fit (see Figure 5 ). We find that bothṀBH and SFR increase with stellar mass, but SFR seems to rise slightly faster with stellar mass thanṀBH (see B1). However, our results are still fully consistent with a completely flat relation (only ∼ 1 σ away from a flat relation). This may be a sign that the BH accretion and SF of our typical star-forming galaxies evolve at equivalent rates across cosmic time, as we do not find any strong evidence for evolution with cosmic time either. Given that the peak of BH and SF activity is thought to occur at redshifts between z ∼ 1 − 2, this constancy seems to support the idea that the central supermassive BHs and SF mechanism form a single way of regulating galaxy growth, as opposed to one mechanism taking over the other at set intervals in time. It should be noted, however, that other works, such as Kormendy & Ho (2013) and Rodighiero et al. (2015) , have found a different evolution of the ratio with stellar mass with the ratio increasing with the stellar mass, with Rodighiero et al. (2015) finding that the ratio between the X-ray luminosity and SFR scales as log (LX /SF R) ∝ M * 0.43±0.09 . Figure 6 shows how the ratio between the black hole accretion rate and SFR evolves across cosmic time (see also Table 2 ). We find that Figure 5 . The black hole accretion rate/SFR ratio (Ṁ BH /SFR) vs stellar mass for typical star-forming galaxies. TheṀ BH /SFR ratio seems to generally decrease with stellar mass, indicating that more massive star-forming galaxies grow faster than their black holes compared to the least massive ones. The solid black line represents the best linear fit for (log(Ṁ BH /SF R) = −0.45 log(M ) + 1.44; reduced χ 2 = 1.8). The dashed line represents the best fit for a flat relation (reduced χ 2 = 2.8).
Relative black hole-galaxy growth and its redshift evolution
the ratio between black hole and galaxy growth is very low and is surprisingly constant across redshift, ∼ 10 −3.3 . We thus find little to no evolution from z = 2.23 to z = 0. We investigate a potential linear fit and compare it to a flat relation (no evolution in redshift). Our results prefer a slope that is completely consistent, within less than 1 σ with a flat relation (see Figure 6 ). This is consistent with previous results: Mullaney et al. (2012) find a flat, non-evolving relation between SFR andṀBH, also maintaining a ratio of ∼ 10 −3 for redshifts of 0.5 < z < 2.5. This was interpreted as a sign that the SFR andṀBH evolve equivalently throughout cosmic history, in tight relation with one another and with practically no "lag" between the two, a conclusion supported by Chen et al. (2013) , who found an almost linear correlation between theṀBH and SFR of star forming galaxies for redshifts 0.25 < z < 0.8.
We can only provide lower limits for the X-ray AGN, but those provide evidence for strong scatter, likely driven by strong AGN variability. Such scatter/variability may well be higher at z ∼ 1 − 2 than at lower redshifts. Not only is the BH more active in the Xray AGN, with accretion rates at least an order of magnitude higher than the stacked sources (compare Tables 1 and 2 ), but the AGN activity itself may be having an effect on the SFR. We note that our results are consistent with those presented by Lehmer et al. (2013) . The stacked sources show an accretion rate/SFR ratio typical of star forming galaxies, while the directly detected sources present a ratio in line with AGN ( Figure 6 ). This is expected: throughout their lives, galaxies are thought to move above or below the local ratio depending on their AGN activity and SFR.
We note that our results do not depend on the choice of SFR indicator. Particularly, the SFRs obtained from e.g. the radio are in line with those determined with infrared luminosity (∼1 M yr −1 for z = 0.4 and ∼20 M yr −1 for z = 2.23), and are also similar to those derived from Hα. However, we use FIR SFRs because they should be less affected by AGN activity than the radio (and Hα). Even though we excluded radio sources more luminous than 10 22 W Hz −1 (when obtaining radio SFRs), we may still get some AGN contamination. Furthermore, even though SF-related radio emission has its origins in the supernovae of massive stars (whose Figure 6. The evolution of the black hole accretion rate/SFR ratio (Ṁ BH /SFR) from z = 0 to z = 2.23. Our results show little to no evolution inṀ BH /SFR over the last 11 Gyrs of cosmic time. The grey line represents a constant relation, while the dashed line is the best fit (less than 1 σ away from a flat relation). The ratio for the stacking remains approximately the same for all redshifts (−3.3 ± 0.2), being consistent with the measuredṀ BH /SFR value for the local Universe. This seems to shows that typical star-forming galaxies form stars much faster than their BHs grow, with such difference being approximately constant across cosmic time. We also show lower limits for individual sources detected in the X-rays there; these show a large scatter with a potential peak at z ∼ 1 − 1.5.
life-times are comparable to the duration of the star formation period), the electrons responsible for the radiation continue emitting for periods of time that reach up to ∼100 million years after the original stars exploded. While this "persistence" of emission depends on factors like the density of the surrounding environment, it means that SFRs from the radio trace timescales that are longer than those from FIR and Hα.
CONCLUSION
We have investigated the relative growth of Hα-selected starforming galaxies and their supermassive black holes across a redshift range of 0.4 z 2.23 by making use of the HiZELS sample and the wealth of data available for the COSMOS field. We determined the black hole accretion rate of galaxies from their X-ray luminosities and their SFR from their luminosity in the farinfrared. In this manner, we were able to estimate theṀBH/SFR ratio for typical star-forming galaxies and how that evolves with cosmic time.
Only ∼ 3% of the Hα-selected star-forming population are detected in the X-rays as AGN. Our results are in line with the results from the literature: Garn et al. (2010) found that only a few per cent of the Hα emitters at z = 0.84 are detected in the Xrays. Sobral et al. (2016) found similar results, with X-ray-detected AGN fractions that varied from 1% to 2-3% for redshifts 0.8 z 2.23. Our X-ray AGN fractions are 3% for the redshifts z = 0.4 − 1.47 and 2% for z = 2.23. This implies that there is no significant evolution of the X-ray AGN fraction with redshift. Our results also complement those from Sobral et al. (2016) , who estimated AGN fractions at z = 0.84 − 2.23 for the most luminous Hα emitters and found little to no evolution with redshift.
The FIR SFRs in our sample range from ∼ 2 M yr −1 to ∼ 40 M yr −1 , from z = 0.4 to z = 2.23 (Thomson et al. 2016 ).
This is in good agreement with the Hα SFRs (see e.g. Swinbank et al. 2012; Sobral et al. 2014 ). TheṀBH we obtain are generally a thousandth of the SFRs of the galaxies we studied, in line with results from Lehmer et al. (2013) for star-forming galaxies at z = 2.23. The black hole accretion rates rise with redshift fromṀBH ∼ 0.004 M yr −1 at z = 0.8 toṀBH ∼ 0.03 M yr −1 at z = 2.23. The rising of theṀBH may be steeper until z = 1.47. Interestingly, the SFRD evolves in a very similar way to theṀBH, starting to stabilise at around the same redshifts: theṀBH evolution starts to "flatten" at 1.47 < z < 2.23 (e.g. Sobral et al. 2013) , something that is supported in the literature, as Aird et al. (2010) has found that the peak of X-ray luminosity density is located at z = 1.2 ± 0.1.
OurṀBH/SFR ratio is observed to have little to no evolution with redshift, being approximately ∼ 10 −3.3 between z = 0 and z = 2.23. This little to no evolution across redshift suggests thaṫ MBH and SFRs of our typical star-forming galaxies evolve at similar rates across cosmic time. Our results are thus in good agreement with the ones in the literature. Several authors have noted that thė MBH and SFR ratio has been independent of cosmic time for the last ∼ 10 Gyrs, with a value of ∼ 10 −3.2 (see e.g. Shankar et al. 2009; Hopkins & Beacom 2006; Heckman & Best 2014) . It is worth noting that, although our results favor a scenario where the black holes and their host galaxies grow simultaneously as a whole, they do not imply that this is necessarily the case on a galaxy by galaxy basis. Nevertheless, the little to no evolution ofṀBH/SFR across cosmic time suggests that the processes that fuelṀBH and SFR have remained the essentially the same (or correlated) over cosmic time (see, e.g. Heckman et al. 2004; Mullaney et al. 2012) . However, understanding and explaining these physical processes in detail (feedback, gas stability and availability) is still a very important open question.
We also find thatṀBH/SFR may decline slightly with increasing stellar mass, although very weakly. This specific relation is interesting because the canonical interpretation of the influence of AGN and star formation in galaxy evolution is that AGN generally dominate in more massive galaxies whereas in less massive galaxies star formation starts playing a more important role. The fact thaṫ MBH/SFR depends so little on galaxy mass could indicate that BH activity and SFR form a combined mechanism for the regulation of galaxy growth, as opposed to simply one mechanism taking over the other at set intervals in time, but this is currently very uncertain.
As for the directly detected sources in the X-rays (X-ray AGN), they show very significant scatter. They seem to deviate from the behaviour of the full population, revealingṀBH/SFR ratios of > 10 −3.5 to > 10 −1.2 . This is not a surprising result, since AGN activity is highly variable and the BH growth may exceed SFR and vice-versa on short timescales (e.g. Alexander et al. 2008; Targett et al. 2012) .
Future work would need to focus on extending this study to other surveys as well as trying to understand how SF and BH activity might constrain the evolution of the galaxies they happen in. The further use of ALMA to probe gas outflows in AGN and SF galaxies would allow us to get a much more detailed idea of whether these processes affect galaxies differently and let us better understand how AGN and SF influence galaxy growth and themselves. Figure A1 . SED fitting for each redshift slice in the far-infrared bands. The data points were obtainned in each band by stacking the entire sample for each redshift using mean statistics. The IR luminosity was estimated by fitting modified black-body templates to the data points and integrating the best fit between 100µm and 850µm. Figure B1 . The evolution of the black hole acretion rates and star formation rates with stellar mass for each of the redshift slices in this work. The SFR grows faster than the BHAR, which results in the overal ratio decreasing with stellar mass.
